The natural, non-toxic antifouling compound zosteric acid (ZA, p-coumaric acid sulfate) was encapsulated in polystyrene (PS) microcapsules (30 mg Z N l g PS) with an efficiency of 30 % via an in-liquid drying process. Electron micrographs showed microcapsules with smooth surfaces and a mean diameter of 200 pm. The FIB method was used to cross-section a microcapsule in order to visualize the inner capsule structure and to localize ZA via element analysis. Coatings of a biocompatible polyester, poly[3-hydroxyalkanoate-co-3-hydroxyalkenoate] (PHAE), were prepared on microscopic slides. These coatings contained dispersed ZA (PHAEIZA) or ZAloaded PS microcapsules (PHAE/PS(ZA)). The release of ZA was monitored via conductivy measurements in water and was 4 pgcm-2d-' for PHAEIZA and 0.9 pgcm-2d-' for PHAE/PS(ZA) coatings. To follow the initial steps of biofilm formation, coated slides were exposed to activated sludge and analyzed for cell adhesion with ESEM. ZA was effective during the burst release time of the PHAE/ZA coating, but no significant differences in biofouling were observed after 48 h. This was attributed to the minimal effective release rate of ZA, which is approximately 10 pgcm-2d-'.
Introduction
Marine plants are constantly exposed to harmful attacks by bacteria, spores or fungi building biofilms on the plant surfaces. In order to protect themselves some plants developed repulsion mechanisms, e.g. the seagrass Zostera marina L. (eelgrass). The eelgrass produces and continuously releases the water-soluble (8 % (wiw) in water) antifouling compound zosteric acid (ZA), p-coumaric acid sulfate. This antifoulant does not kill microorganisms but inhibits their adhesion through binding to attachment sites on cell surfaces at non-toxic concentrations [ 1-41. The aim of our investigation was to mimic this non-toxic protection strategy in combination with a biocompatible surface, namely a coating of poly[3-hydroxyalkanoate-co-3-hydroxyalkenaote], (PHAE). These polyesters have gained considerable significance in medical and industrial applications, which include implant materials, scaffolds in tissue engineering, and packaging. ZA was blended with PHAE directly or, to control the release rate, encapsulated in polystyrene and embedded in PHAE, followed by preparation of coatings. Microcapsules have been widely used, e.g. in pharmacy for drug delivery [j] . Several techniques have been developed to produce microparticulate release systems for water-soluble drugs, including the solvent evaporation method [6-121, interfacial reaction techniques [ 13-161, and suspensioil/dispersion methods [17-191 . Here, we report on the successful encapsulation of ZA into polystyrene via the solvent evaporation method and on the characterization of these microcapsules. The preparation of PHAE coatings and release investigations are described. Finally, the adhesion of biological organisms on unprotected PHAE coatings, PHAE with dispersed ZA, and PHAE with encapsulated ZA are compared.
Experimental

Materials
Bacterial poly[3-hydroxyalkanoate-co-3 -hydroxyalkenaote] (PHAE; Scheme la) with 10 % side-chain double bonds (Mn-90'000 g/mol, Mw-210'000 g/mol, calibration with PS-standar4 Tg = -40 "C) was synthesized with Pseudomoizas putida GPol (ATCC 29347) in chemostat cultures under multiple nutrient limited growth conditions [20,2 I]. ZA was obtained from R. C. Zimmermann, Moss Landing Marine Laboratories, Moss Landmg CA, USA. Polystyrene (Mw-23O' OOO g/mol, Mn-140'000 g/mol, Tg = 94 "C) was obtained from Aldnch and poly(viny1 alcohol) (PVA 3-98, Mw-16'000 g/mol) from Fluka. All other reagents were used as purchased form Aldrich or Fluka.
Scheme 1 : a) Poly[3-hydroxyalkanoate-co-3-hydroxyalkenaote] (PHAE); m= 0.1; n= 0.9; x= 2, 4,6; y= 2,4. b) Zosteric acid@-coumaric acid sulfate).
Instruments
The particle size distribution of the microcapsules was measured with a Beckman coulter particle size analyzer LS230. The morphology examination and the elementary analysis of the microcapsules surfaces were carried out with a LEO electron microscopy 1455, equipped with an Oxford Instruments EDS system at 10 kV. Therefore, the samples were coated with a 5 nm Pt-layer using a BAL-TEC MED 020
Coating System. Cross-sections of the microcapsules were prepared by a dual beam focused ion beam (FIB) milling techque with a FEI Strata DB 235 field emission scanning electron microscope (FEG-SEM; &+-ions at 30 kV and 1000 PA). P mcoatings were applied with a Sogolee HP-200 air brush at 2-3 bar. Photographs of
